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1100 \( METHOD FOR CORRECTING A FRAME |
WITH SPATIALLY ADAPTIVE SLICING APPARATUS

ALLOGATE A SIZE FOR AN GUTFUT FRAME AND DIVIDING THE
OUTPUT FRAME INTO BLOCKS EACH OF THE BLOCKS HAVING
101~ A BLOCK SIZE THE BLOCK SIZE HAVING A WIDTH AND A
HEIGHT: THE WIDTH BASED ON THE PIXELS ARRANGED IN
A LINE; THE HEIGHT BASED ON THE NUMBER OF LINE

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

1103 MAP BACK EACH OF THE BLOCKS IN THE QUTPUT FRAME
10 CORRESPOND 10 ELQCE{S IN THE INPUT IMAGE

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1104 ~ QUANTIFY SCALING DATA OF BACH OF
- THE BLOCGKS IN THE CUTPUT FRAME

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

1105~ GENERATE A H‘I’STOGRAN FROM ThE
SCALING DATA OF THE QUTPLT FRAME

------------------------------------------------------------------------------------------------------------------------------------------------------------------

1106 IDENTIFY SCALING THRESHGLD&; FRDP»{ THE HISTGGRAM

------------------------------------------------------------------------------------------------------------------------------------------------------------------

- PLOT A SPATIAL DOMAIN P‘LOT OF THE GUTPUT FRAME
1107~ WITH THE SCALING DATA AND THE SCALING THRESHOLDS

o SIVIDE THE OUTPUT FRAME INTO REGIONS BASED
1108 - ON THE SPATIAL DOMAIN PLOT AND THE SCALING THRESHOLDS

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

PROGR&M THE SPATMLLY Aﬂ-ﬁPTI‘J  SLICING APPARATUS
=ACH DF THE DUTPUT BLOC}{S 2 EACH DF THE REGIDNS

CORRECT ThE INPUT FRAME GEGMETRICALLY FOR EACH OF
1914 - THE REGIONS ACRQSS THE QUTPUT FRAME, COMPOSING AND
DISPMYING THE OUTPUT FRAME ON .& GR&PHICAL DtVICE



US 11,599,975 B2

Sheet 12 of 15

Mar. 7, 2023

U.S. Patent

T

Tt
P,
Pl '
R A

T A T A N A e A e A O A O T A R T A N T T T

4+
a

)
1
n

L]
-
]

o SRR .

o

L]

-

'-F-ll-_'-ll- -.':.-::'-. '-r-ll-'-i-'-r-ll-'-'-'-I-'-'-'--h'-'-u;uuuﬂuuuuuuuuﬁuuuﬁ‘“uﬁu

*
L2
L]
-
]
L]
-
*

+*
]
-
]
- L]
-

a

FI

] -*
-

[
.
L
-
Al
*
" wnwwmandemesdeepteseee s

- * r "
L ] - "N
] * a L
- - d » . a
M
L] o
- ...-_ - * L]
u . » L - u
. - ]
! L) a2 ] .-.l - " “
o ' a = . 2 ' ]
. - - - ]
- F [ ]
u .._..‘
- .r - - [ ]
1

OBW=16

NP { SO

R S R U D U U DR U U D URP U U U DR G UET U G SR U U DR U U G G U g U R Ug U DR VR UET U DR U G wg v

A om m m m m m a m m m m m m m N A A A O A R A A A A A A A A A N A O A A A R A A A A A A A A A www
] - .
-I- - - -
. - - - .
- . . N .
. * I .
. L) r "
K .
+ a
. .
. . . .
o .
- + *
- . , .
o i - . n
- L] - L} -
w - + -
. - . .
o ] - .
- - L] " -
[ - * * L]
[
. .
X . - -
u .
g - ‘ .
. .
" .
L ¢ L] " ]
-I L 1 - -
" . ' . .
. n
. . . .
" " T F §F FF FYTFET FY FY OFRYTOFTYTOFTE N L3
kr ¥ 1 g -
"
L] ' - L]
.l. 4 r 1 ..l
- - ' -I
- r - 1 '
-I -I
- - v
. .
] ] i
. .
) ' - .
. ' L] : -
“-I r - ' .-I
-~ . 1] - -
e - ) * -
b - = =
o ' - “u
- - . v .
- . . ' -
d . - i
. "u
= . - . -
. "u
- " " "
b "
. * _.
- L]
' . .
» . ' . "
- N N L]
- .-
w r . -
w . -
- .-
. "
- A r L -
- + ' ..T
X ' r . .
K -
- . n
b ] . ] "
. -
3 - [ n
i ' - ' -
. ' - . 3
. " N - .
L - K
Y
- - " .
. . ' .
" " ] b i
o - ' * .
" ' "y
. -
o .
= ] ] -
o .
.
R . - v
« . , - .
= - ! [ ] =
. n
o . - .
o I ] I
o - - "
o 4 " - o
" -I " -I
o o
. - = " !
o u
. - - . "
o o
M ]
s ' + . "
« I . . .
" . - . Y e
o - ' - o )
] - o )
« ' . - . - ' = - . - o 4
- N 1 . 4 . - M r . M . - o
N a - [ LY . a n - n . . - ..l“
- [ - ] - - ] ;
e u
. " ' a . - . - . n o
b - - * T ] - * 1 [ ] =
. i .
. . . - . - ' . . - N
. N 4 u . N f N R N N - ]
Ll - - - . - . . . - r - . ..-.
. ] - * - [ - - [ - .
. r [ - ' ' . ' . - M L] 3
K n .
. . . . . . . . . .
= N . - - - . .
- ' - . . ' . . - ' - {
o 4 ¢ - r - [ k r - k - 1 -
. . . r » - [] - El ] . " .
I N R N R R R N L R R N R R R A R R R N A A A A R A R N N N A N R N N N R L R R R R, VRN NN W W W W omomomomm e e n oo
-
e i ke ke ke ke e ke ke ke ke ke ke e ke e ke ke b ke ke e ke e ke ke ke ke ke ke ke ke ke ke e ke ke ke ke ke ke o
e
e
B

QBW=12

s



U.S. Patent Mar. 7, 2023 Sheet 13 of 15 US 11,599,975 B2

1400 ~ M THOUD FOR CORREUTING A FRAME .
WITH ARBITRARY SHAPED PROCESSING APPARATUS J

1401 ~ CAPTURE AN ARBITRARY SHAPED INFUT IMAGE
WITH A PLURALITY OF OPTICAL DRVICES

14072 ~ FROCESS EACH OF ek IMAGES CAPTURED
WETH e PLURALLTY OF OPTICAL DEVICES

1403 ~ IDENTIFY REDUNDANT BLOCKS AND VALID
BLOCKS IN £ACH OF THE REGIONS

ALLOCATE AN QUTPUT FRAME WITH AN QUTPUT
1404 FRAME S1ZE AND DIVIDING THE QUTPUT FRAME
INTO RE IONS SHA QED AS A RECTANGLE '

PROGRAM THE APPARATUS AND DISASLING ;
1405 -7 | PROCESSING FOR EACH OF THE REDUNDANT REGIONS ?

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

COMPQOSE THE QUTPUT FRAME FOR EACH OF THE |
1406 REGIONS CONTAINING THE VALID BLOCKS
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1600~/ METHOD FOR CORRECTING A FRAME WITH
. DYNAMIC BLOCK PARTITION APPARATUS

ALLOCATE A SIZE FOR AN QUTPUT FRAME AND DIVIDING THE OUTPUT
1601 ~ 1 FRAME INTO BLOCKS; EAUH OF THE BLOCKS BAVING A BLOCK S1ZE; ThE
SLOCK SIZE HAVING A WIDTH AND A REIGHT, THE WIDTH BASED ON THE |
PIXELS ARRANGED IN A LINE; THE HEIGHT BASED ON T“‘lE NUMBER OF LINE

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1602 CAPTURE THE INPUT IMAGE WITH AN OFTICAL DEVICE
1603 ~ - MAR BAUK BEAUH OF THE BLOCKS IN THE DUTPUT FRAME

10 CORRESPOND TQ BLOC?{S IN THE INPUT IMAGE

1604 ~ COMPUTE A 8IZE OF THE INPUT BLOCKS IN THE INPUT
IMAGE CORR“SPONDING TO EACH CUTPUT BLOGKS

1605~ FOR EACH OF THE OUTPUT BLOCKS, CHECK FOR SIZE OF THE |
INPUT BLOCKS WITH THE SIZE OF THE INTERNAL MEMORY

IF THE SIZE OF THE INPUT BLQCKS 1S LESS THAN THE SIZE QF
Tt INTERNAL MEMORY, PROGRAM AN AFPARATUS WITH INPUT
PARAMETERS, FETCH THE INPUT BLOCKS INTO AN INTERNAL
1806 - MEMORY AND PROCESSING THE NEXT QUTPUT BLOCK IN
STEP1e0a) UNTIL ALL THE DUTRUT BLOCKS ARE PROCESSED

5 a m m m m m E m B m m ® m E N ® N ® m_E B W W W m m A m o m m m m A m A m m m m m m m m m A m W w m_ m m_ m m m m m B W B ® B m & A a a am m A a a a a a A w ® ® W m B = E = E E E = E E E EFEEEEEEErErErEEEErEroErr rs = & = & = o= 5 & mwcw W ww w W W, WKW KW R W R " W W W, W WS m W 5 m = m E = E E E E E = E = N E E = E = E = E = ® = = = 5 = = = =5 &= 85 &= = &=.®

DIVIDE THE QUTPUT BLOCK EQUALLY IN?@ SUB BLOCKS AND CHECKING
IF THE SIZE OF THE SUB BLOCK IS LESS THAN THE SIZE OF THE INTERNAL |
MEMORY: IF SO, PROGRAM AN APPARATUS WITH INPUT PARAMETERS, |
16807 - ~ETCHING THE INPUT BLOCKS INTO AN INTERNAL MEMORY, PROCESSING
£ACH OF THE SUB BLOCKS AND PROCESSING THE NEXT QUTPUT BLOCK
IN STEP {16058} UNTIL AlL THE OUTPUT BLOQKS ARE PROCESSED

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DIVIDE FURTHER UNTIL THE SIZE C*F DIVIDED §UB BLOCKS IS LESE
THAN THE SIZE OF THE INTERNAL MEMORY, PROGRAMMING AN
APPARATUS WITH INPUT PARAMETERS, FETCHING THE INPUT BLOCKS
1608 - INTO AN INTERNAL MEMORY, PROCESSING EACH OF THE DIVIDED SUB
o BLOCKS SEQUENTIALLY AND PROCESSING THE NEXT QUTPUT BLOCK IN
STEP { 1605} UNTIL ALL THE OUTPUT BLOCKS ARE PROCESSED

COMPOSE THE QUTPUT FRAME FOR EACH
1608 OF THE BLOCKS IN THE OUTPUT FRAME

F1G. 16
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METHODS AND SYSTEM FOR EFFICIENT
PROCESSING OF GENERIC GEOMETRIC
CORRECTION ENGINE

CROSS REFERENCED TO RELAT
APPLICATION(S)

gs
w

This application 1s a continuation and claims priority to
U.S. patent application Ser. No. 15/714,862, filed Sep. 25,

2017, which 1s incorporated herein by reference in 1ts
entirety.

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to geometric correction
engines and more specifically to correcting distorted images
captured by lenses and geometrically correcting to generate
an undistorted 1image.

Description of Related Art

Lens geometric distortion 1ssues 1n a camera system are
common. The distortion can be common optical distortions,
such as barrel distortion, pin-cushion distortion, or fisheye
distortion. A correction therefore 1s needed to correct these
types of distortions in hardware in combination with soft-
ware or firmware. Afline transformation support 1s added to
support the image and video stabilization application, where
multiple 1images of the same scene need to be aligned.
Perspective warp 1s an extension to aifline transform and
offers additional capabilities. Perspective transformations
can align two 1mages that are captured from diflerent camera
viewpoints or locations. This can also be used to rectily the
left and rnight images of a stereo camera to reduce the
complexity of a disparity computation. Perspective transior-
mations can also generate new viewpoints.

Most digital cameras sufler from some degree of non-
linear geometric distortion. A spatial transformation 1s
required to correct the distortion. In automotive and security
applications, cameras use wide angle lenses, mncluding fish-
eye lenses to provide 180+° field of view. To visually present
the scene to the user 1n an easy-to-consume representation,
these distortions need to be corrected.

FIG. 1 (0100) generally illustrates a distorted image
(0101) geometrically corrected with a geometric correction
engine (0102) and displayed as an undistorted image (0103).
One technique to correct a distorted image 1s forward
mapping which gives coordinates of the original, undistorted
image as a function of coordinates of the distorted image.
Forward mapping maps the input pixels (distorted image)
onto the output space (undistorted 1mage). Using forward
mapping, every output pixel may not correspond to a valid
input location, so output pixels can be empty or contain
many nearby mapped pixels requiring complex interpolation
algorithms. Therefore, forward mapping 1s not suitable for
correcting the distortion.

Another technique 1s back mapping which gives coordi-
nates of the distorted image as a function of coordinates of
the undistorted output image. Correction involves back-
mapping ecach output pixel to a location 1 the source
distorted i1mage, and thus the corrected image 1s fully
populated. As the distorted pixel locations mostly fall onto
fractional coordinates, correction involves interpolation
among the nearest available pixels.
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FIG. 2 (0200) generally illustrates an output image (0202)
back mapped to an input image (0201). The mput 1image
(0201) 1s blended with fetch blocks such as blocks (0203,
0204, 0223, 0233). The fetch blocks contain pixel informa-
tion of input blocks. For any distortion, the user may
determine the overlap between the distorted space and the
input 1image coordinates. Valid image data 1s produced only
for those points where the distorted space lies completely
within the valid input 1image.

The output image 1s divided into output blocks containing,
pixel information of the output image, for example blocks
(0213, 0214) contain imnformation of parts of the mat 1n the
output 1mage. The output blocks have a fixed size with a
constant width and a constant height. The width of the output
block represents the number of pixels 1n the block arranged
in a row. The height of the output block represents the
number of lines in the block. In current back mapping
system, each of the output blocks 1s back mapped 1nto 1input
blocks after a perspective transiform and pixel iterpolation.
For example, output block (0214) 1s back mapped to 1mnput
block (0204) representing a portion of the white colored
border of the mat 1n the image (0202). Similarly, output
block (0213) 1s back mapped to input sub blocks (0203,
0223, 0233) representing data corresponding to top right
corner data from the center white square of the mat. With a
fixed output block size, it 1s clear that certain output blocks
require less information compared to other output blocks. In
order to back map after perspective transform, output block
(0214) required data from one input block (0204), while
output block (0213) required data from 3 input sub blocks
(0203, 0223, 0233). The mnput blocks required for an output
block may be together or spread apart in the mput 1image.
The mput fetch blocks are stored off chip generally 1n a DDR
memory. When the mput blocks are together, the DDR bus
may accommodate fetching the required 1nput blocks in one
cycle. However, if the input blocks are spread apart, multiple
cycles may be required to fetch the mput block due to
addressing constraints and bus width. Latency difference for
tetching 1s different for different input blocks resulting 1n
performance loss and poor utilization of bandwidth. There-
fore, with a fixed output block size, some output blocks
require less information to be fetched versus some others.
The ratio of the size of the input block size to the size of the
output blocks required for the output block may be defined
as a magnification factor or scaling factor. The size of the
output block size 1s determined by the largest magnification
factor. In other words, the smaller the output block size the
larger the amount of data required to be fetched into an
internal memory. The internal memory 1s fixed 1n size and
the data required to be fetched for a high magnification
factor output block may require many cycles to fetch the
data resulting 1n a high bandwidth use and loss of perfor-
mance. Therefore, there 1s a need to program the size of the
output block size based on the magnification factor so that
the bandwidth and cycles for fetching the input block data
into an internal memory 1s minimized resulting in an
enhanced performance.

FIG. 3 (0300) 1llustrates a prior art input 1mage captured
by multiple cameras and stitched into an output 1mage. An
output 1mage (0310) 1s composed and stitched from multiple
iput 1mages (0301, 0302, 0303, 0304) captured from dii-
terent angles by different cameras. The cameras may be dash
mounted on the front lett, front right, rear left, and rear right
corners of an automobile. In FIG. 3, the cameras are
mounted on front, back, left and right. The 1mages thus
captured are stitched into an output image. However, the
multiple 1mages captured from different viewpoints contain
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redundant information. For example, the region (0314)
captured by a central camera 1s also captured 1n the region
(0313) by a night camera and captured 1n the region (0315)
by a left camera. The redundant regions are double pro-
cessed for stitching and processing the same 1image. There 1s
considerable loss of performance due to cycles spent 1n
fetching and processing the redundant blocks. Therelore,
there 1s a need to identity and skip the processing of the
redundant blocks.

FI1G. 4 (0400) 1llustrates a prior art geometric correction
block diagram of an input frame bufler to generate an output
frame buller through back mappmg and mesh data. An
output frame bufler (0402) 1s mapped to an input frame
butler (0401) after each of the output blocks (0403) 1n the
output frame builer (0402) undergoes a perspective trans-
formation and mesh warping through a geometric correction
engine (0404) to generate an input block (0405). The output
ol the perspective warp may be an intermediate block (0406)
corresponding to the four corners of the output block (0403).
A mesh table (0407) that maintains the imnformation corre-
sponding to the output block or the intermediate block may
turther be used to map the mtermediate block to the four
corners ol an mput block (0405). Prior art output block has
a lixed size and therefore all the pixel data mapped to the
input blocks which can contain unused data need to be
tetched together. Therefore, there 1s a need for a method to
customize the output block size based on the scaling factor.

SUMMARY OF THE

INVENTION

The present invention 1s an apparatus and method for
geometrically correcting a distorted input frame and gener-
ating an undistorted output frame. The apparatus includes an
external memory block that stores the input frame, a counter
block to compute output coordinates of the output frame for
a region based on a block size of the region, a back mapping
block to generate input coordinates corresponding to each of
the output coordinates, a bounding module to compute input
blocks corresponding to each of the input coordinates, a
bufler module to fetch and store data corresponding to each
of the mput blocks, an interpolation module to interpolate
data from the bufler module, and a display module that
receives the interpolated data for each of the regions and
stitch an output image. The method includes determining the
s1ize of the output block based on magnification data and
identifying redundant regions 1n the output image.

BRIEF DESCRIPTION OF THE

DRAWINGS

The novel features believed characteristic of the invention
are set forth 1 the appended claims. The invention 1itself,
however, as well as a preferred mode of use, further objec-
tives and advantages thereof, will be best understood by
reference to the following detailed description of illustrative
embodiments when read in conjunction with the accompa-
nying drawings, wherein:

FIG. 1 1llustrates a prior art distorted input frame geo-
metrically converted to an output frame.

FIG. 2 illustrates a prior art output frame divided into
blocks corresponding to blocks 1n a captured mnput frame.

FIG. 3 illustrates a prior art input image captured by
multiple cameras and stitched into an output 1mage.

FIG. 4 illustrates a prior art geometric correction of an
input frame buller to generate an output frame buller
through back mapping and mesh data.

FIG. 5 depicts an exemplary histogram of scaling data of
output blocks of FIG. 2, and a spatial plot of the scaling data
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of the output blocks 1n an output frame based on the scaling
thresholds according to one aspect of the present invention.

FIG. 6 1s a depiction of an exemplary output frame
divided into regions and each of the regions divided into
blocks with different sizes based on the scaling data accord-
ing to one aspect of the present invention.

FIG. 7 illustrates an exemplary image processing system
according to one aspect of the present invention.

FIG. 8 illustrates an exemplary diagram of a spatially
adaptive slicing apparatus according to one aspect of the
present mvention.

FIG. 9 illustrates an exemplary diagram of a perspective
coordinate determination apparatus according to one aspect
of the present invention.

FIG. 10 1llustrates an exemplary block diagram of back
mapping output coordinates in an output block to input
coordinates 1n an mput block and interpolation block accord-
ing to one aspect of the present invention.

FIG. 11 1s an exemplary flowchart of a method for
correcting an input frame and generating an output frame
with a spatial slicing apparatus according to one aspect of
the present mvention.

FIG. 12 illustrates an exemplary diagram of an output
frame with redundant blocks 1dentified 1n regions according
to one aspect of the present invention.

FIG. 13 illustrates an exemplary diagram of an output
frame with redundant blocks skipped in regions 1 multi
frame processing according to one aspect of the present
invention.

FIG. 14 1s an exemplary flowchart of a method correcting
an input frame and skipping redundant blocks 1n generating
an output frame and deciding regions for best approximation
to avoid unused portion of the 1mage according to one aspect
of the present invention.

FIG. 15 illustrates an output block 1n an output frame
dynamically divided to fit and fetch into an internal memory
according to one aspect of the present invention.

FIG. 16 1s an exemplary flowchart of a method for
dynamically dividing an output block in an output frame to
fit and fetch into an internal memory according to one aspect
of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

While this mvention 1s susceptible of embodiment 1n
many different forms, there 1s shown 1n the drawings and
will herein be described 1n detailed preferred embodiment of
the mvention with the understanding that the present dis-
closure 1s to be considered as an exemplification of the
principles of the mvention and 1s not intended to limit the
broad aspect of the invention to the embodiment 1llustrated.

The numerous mnovative teachings of the present appli-
cation will be described with particular reference to the
presently preferred embodiment, wherein these mnovative
teachings are advantageously applied to the particular prob-
lems of a geometric correction engine. However, it should be
understood that this embodiment 1s only one example of the
many advantageous uses of the mnovative teachings herein.
In general, statements made 1 the specification of the
present application do not necessarily limit any of the
various claimed inventions. Moreover, some statements may
apply to some mventive features but not to others.

While this invention has been particularly shown and
described with reference to preferred embodiments, 1t will
be understood by those skilled 1n the art that various changes
in form and detail may be made therein without departing
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from the spirit and scope of the invention. The mnventors
expect skilled artisans to employ such variations as appro-
priate, and the mventors 1intend the mvention to be practiced
otherwise than as specifically described herein. Accordingly,
this mvention includes all modifications and equivalents of
the subject matter recited 1n the claims appended hereto as
permitted by applicable law. Moreover, any combination of
the above-described elements 1 all possible variations
thereol 1s encompassed by the invention unless otherwise
indicated herein or otherwise clearly contradicted by con-
text.

It should be noted that the terms “output image” and
“output frame” are interchangeably used herein after to
indicate an 1mage displayed on a screen similar to frame
(0202).

It should be noted that the terms “input 1mage™ and “input
frame” are iterchangeably used herein after to indicate an
image displayed on a screen similar to frame (0201).

It should be noted that the terms “output block size” and
“s1ze ol output block™ are interchangeably used herein after
to represent the size of an output block 1n an output frame.
The output block size 1s defined by an output block width
and an output block height. The terms “output block width”
or the “width of the output block™ are interchangeably used
herein after to denote number of pixels arranged in a line.
Similarly, the terms “output block height” or the “height of
the output block™ are interchangeably used herein after to
denote number of lines 1n the output block. For example, an
output block size may be defined as 16x20 to indicate an
output block width of 16 and an output block height of 20.
In other words, the number of pixels 1n the output block 1s
16 arranged 1n a row and the number of lines 1n the block 1s
20.

It should be noted that the terms “region size” and “size
of region” are mterchangeably used herein after to represent
the size of a region 1n an output frame. The region size 1s
defined by a region width and a region height. The region
may comprise one or more output blocks. For example
region size may be defined as 64x40 to indicate a region
width of 64 and region height of 40. The region may be
divided 1nto equal output blocks with an output block size of
16x20. The output blocks size 16x20 may be arranged 1n 4
columns and the number of rows 1n the column 1s 2.
Histogram of Scaling Data with Scaling Thresholds (0500)

FIG. 5 depicts an exemplary histogram (0500) of scaling
data of output blocks of FIG. 2. After an 1image 1s mnitially
captured, a distribution of magnification factor (ratio of
tetched block size compared to output block size) may be
plotted on the x-axis versus the number of blocks on the
y-axis. The histogram may be plotted by an ofil:

line utility or
with software running with HLOS or RTOS after the mag-
nification data 1s computed and stored for each of the output
blocks 1n the output image. It should be noted that the terms

“scaling data”, “scaling factor”, “magnification data”, “mag-
nification factor” are mterchangeably used herein after to
indicate a ratio of size of mput blocks required to be fetched
for a corresponding size of an output block. Scaling thresh-
olds may be determined based on the histogram (0500). For
example, with reference to histogram (0500), 3 scaling
thresholds (0501, 0502, and 0505) are computed or 1n some
cases chosen. Scaling threshold (0501) indicates a scaling
factor of approximately 40 and the number of blocks with a
scaling factor 40 1s approximately 5. Similarly, scaling
threshold (0505) indicates a scaling factor of approximately
5 and the number of blocks with a scaling factor 5 1s more
than 1200. Prior art methods fixed the output block size
based on the highest scaling factor in the output frame. In
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this case, the block size 1s based on the scaling factor of 40.
The combination of a smaller block size and a large scaling
factor results in fetching undesired mput block data for
output blocks with smaller block size. For example, 1f the
output block size 1f determined to be 16x20, an output block
with a scaling factor 5 (“block5”) and output block with a
scaling factor 40 (*block40”) fetch the same maximum
amount of mput block size corresponding to a scaling factor
of 40. In this particular example, the block5 would be
fetching the same amount of mmput block data as block40
even though block5 requires a substantially smaller amount
ol mnput data to be fetched, 1n this case a factor of 8 times
less. In an application with wide varying magnification data
(like surround view) where selection of least dimension
block size leads to additional memory band-width, power
increase and performance reduction by 50-100% based on
s1ze of local memory and correction factors.

Spatial Plot of Scaling Data Across an Output Frame (0520)

According to a preferred exemplary embodiment, a spa-
tial plot (0520) of the scaling data of the output blocks based
on the scaling thresholds is plotted for the output frame. The
thresholds identified in the histogram (0500) enables the
output frame to be divided into regions based on the thresh-
olds. As illustrated in the spatial plot (0520), the area (0504)
represents area with mimmimum magnification factors and the
area (0503) represents area with maximum magnification
factors. According to a preferred exemplary embodiment,
the output frame 1s divided 1nto regions based on the scaling
factors. Accordmg to a further exemplary embodiment, the
output block size 1s determined by the scaling factor within
the region. It should be noted that the scaling factor within
a region may be substantially the same. In other instances
the scaling factor within a region may vary and within 20%
of each other. In other instances the scaling factor within a
region may vary and within 20-40% of each other. The more
the number of thresholds selected from the histogram the
more the number of available block sizes and the more
flexibility in dividing the output frame into regions with
identical scaling data.

Exemplary Spatially Adaptive Slicing Embodiment (0600)

FIG. 6 (0600) 1s a depiction of an exemplary output frame
divided into regions and each of the regions divided into
output blocks with different output block sizes based on the
scaling data. After scaling thresholds are identified as
depicted 1n the histogram (0500) and spatially plotting the
scaling data, the output frame may be divided into multiple
regions. The process may include identifying and spatially
slicing the output frame 1nto multiple slicing regions while
adapting to the pattern of the transformation and the scaling
data.

It should be noted that the output frame (0600) divided
into 9 regions may not be construed as a limitation. The
output frame may be divided into any number of regions as
possible given the hardware limitations. The frame may be
divided into 3 horizontal slices (0611, 0612, and 0613)
corresponding to 3 heights RH1, RH2 and RH3, and frame
may be divided into up to 3 vertical slices (0601, 0602, and
0603) corresponding to 3 widths RW1, RW2 and RW3. A
total of 9 regions (0621-0629) may be created for the frame.
Each region may be programmed with independent output
block size. The output frame may be programmed with
bigger block size for region with less spatial variation (1.e.
scaling factor) and smaller block size for region with high
spatial variation. This may improve the band width as well
as performance as portion of the image with bigger block
s1ze increases. For example, 1n surround view application,
the block size may vary from 16x20 to 112x64 for right
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camera and 32x8 to 136x160 for a front camera. The output
frame may be programmed individually for input images
from each of the cameras. According to an exemplary
embodiment greater than 40% saving in band width may be
achieved. According to a more preferred exemplary embodi-
ment a greater than 80% saving in band width may be
achieved. According to a most preferred exemplary embodi-
ment a greater than 50% saving in band width may be
achieved

Each of the regions may be programmed with a diflerent
block size as depicted 1n the output frame (0600). Region
(0624), which has the maximum scaling factor (0503), 1s
divided into 16 blocks with a minimum block size, while
region (0623) which has the minimum scaling factor (0504 )

1s divided into 2 blocks with a maximum block size.
Similarly, regions (0622) and (0621) are divided into 4

blocks, regions (0623), (0626), and (0629) are divided into
2 blocks each, region (0625) 1s divided into 6 blocks and
region (0628) 1s divided 1nto 9 blocks. As clearly illustrated
the output block 1s spatially sliced into regions with varying
block sizes. According to a preferred exemplary embodi-
ment, the size of each of the regions in the output frame may
be equal. According to another preferred exemplary embodi-
ment, the size of each of the regions in the output frame may
not be equal. The output frame may be composed or
constructed one region at a time 1n a raster scan mode. For
example, region 0621 may be processed first, followed by
regions 0622, 0623, 0624, 0625, 0626, 0627, 0628, and 0629
in that order. Within a region, a raster scan may be followed
to compose the region. For example, within region 0621,
block 0631 1s processed first followed by blocks 0641, 0651,
and 0661 1n that order. Stmilarly, within region 0625, block
0635 15 processed first followed by blocks 0645, 0655, 0665,
0675, and 0685 in that order. Similarly, block 0633 1s
processed followed by block 0643. The processing of each
of the block 1s turther described below 1n the method tlow
chart of FIG. 11. According to an exemplary embodiment,
the coordinates of each of the region and each of the blocks,
the size of each of the regions and each of the blocks within
the region are programmed as input parameters into a
hardware block to process the output image as described
below 1 FIG. 8.

When a frame 1s divided into sub-set of 3x3 regions, the
following combinations of regions may be supported.

3 vertical slices RW1l=x, RW2=y and RW3=z

2 vertical slices RW1l=x, RW2=y and RW3=0, Last
region width has to be zero

1 vertical slice RW1l=x, RW2=0 and RW3=0, Last
two regions width has to be zero

3 horizontal slices RH1=x, RH2=y and RH3=z

2 horizontal slices RH1=x, RH2=y and RH3=0 Last
region height has to be zero

1 horizontal slice RH1=x, RH2=0 and RH3=0 Last
two regions height has to be zero

A 2x2 region partitioning can be done by programming
RW3=RH3=0.
Exemplary Geometric Image Processing System

FIG. 7 1llustrates an exemplary image processing system
(0700) according to one preferred embodiment. The system
comprises a spatial slicing apparatus block (0703), a scalar
block, a noise filter block, a sensor block, a shared memory
block (0704), a message manager (0702), a network con-
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figuration block (0701), internal memory (0705), a DMA
port (0706), and a hardware thread scheduler block.

The spatial adaptive slicing apparatus (0703) reads input
frame from master port (0707) via DDR or on-chip and
performs perspective transform as well as correction of
distortion (1including fisheye lenses). The output of apparatus
(0703) can be sent to external memory (DDR) or sent to
other hardware blocks such as scalar block or noise filter
block for further pre-processing via local shared memory
(0705). Spatial adaptive slicing apparatus (0703) may be
targeted to operate at 120 frames per second (FPS) @300
MHZ with 2M pixel frame. That performance requirement
may translate to BW of approximately 1.5 GBs. In order to
meet the bandwidth requirement of 1.5 GBs, a read master

interface may be limited to maximum response latency of
200 cycles.

The scalar block reads data from shared memory (0704)
and may generate up to 10 scaled outputs from 2 mputs with
various scaling ratios ranging ifrom 0.5 to 1. The output of
scalar block to shared memory (SL2) can be further noise
filtered using noise filter block or written to DDR.

The noise filter block reads data from memory (e.g. DDR
or on-chip) to shared memory (0704) and performs bilateral
filtering to remove noise. The output of noise filter block can
be sent to external memory (e.g. DDR) from shared memory
(0704) or can be further re-sized using the scalar block.

The shared level 2 (0704) memory block may be used to
exchange data across hardware blocks such as apparatus
(0703), scalar block, and noise filter block as well as to
DMA Engine (UDMA).

A HTS (Hardware Thread Scheduler) block may be used
for IPC communication among various hardware blocks
such as apparatus (0703), scalar block, and noise filter block
as well as to DMA Engine (UDMA). The message manager
(0702) may be implemented as HTS.

The configuration manager (0701) may be used to pro-
gram the hardware with typical network parameters. The
system (0700) may further comprise typical hardware inputs
such as clock, reset, network, data, and debug signals.
Exemplary Adaptive Slicing Apparatus Embodiment (0800)

As shown 1n FIG. 8, the adaptive slicing apparatus (0800)
comprises a counter block (0802) configured to compute
output coordinates (0803) of the output frame for a region
based on a size of the output block of the region; a transform
block (0804) and back mapping block (0806) configured to
generate mput coordinates (0807) corresponding to each of
the output coordinates; a bounding module (0808) config-
ured to compute 1nput blocks corresponding to each of the
input coordinates and may comprise displacement data of
cach of each output block; a buller module (0809) config-
ured to fetch data corresponding to each of the input blocks
and store 1n an iternal memory; and an interpolation
module (0810) configured interpolate data received from the
bufler module; wherein the interpolated data for each of the
regions 1s stitched, composed, and displayed on a display
module. An external memory block (0801) may store the
input frame, the external memory 1s external to apparatus.
The frame bufler or the external memory block (0801) 1s
external to the apparatus (0800) and 1n most mstances, an
ofl-chip SDRAM or a DDR memory. The external memory
blocks stores fetch data corresponding to input blocks of an
input frame such as frame (0201). According to a preferred
exemplary embodiment the imput frame 1s captured with an
optical device; the optical device 1s selected from a group
consisting of: wide angle lens, fish eye lens or any kind of
automotive camera lens.
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Given the coordinates of the undistorted output image
such as 1mage (0600), the corresponding coordinates of the
distorted mput image may be calculated by combining the
output coordinates and the ofisets from an oflset table.
Distorted pixels from the input frame are read from the
frame bufler, and buflered for the bilinear interpolation.
After the interpolation, corrected image may be written back
and stored to the SL2 shared memory.

The counter block (0802) computes output coordinates
(0803) of the output frame for a region based on a size of the
output block of the region. For example, for region (0621)
in FIG. 6, the output coordinates (0803) of block 0631 may
include the coordinates of the 4 corners of the block 0631.
The coordinates may be computed by counter block based
on an output frame size that includes a frame width and a
frame height. Coordinates of (0,0) (frame start co-ordinate
programmable 1n the apparatus) may be assumed as the left
corner of the frame and the coordinates of each of the
regions and each of the blocks 1 the region may be
computed. The mput parameters such as region width and
region height, block size, and block width provided to the
slicing apparatus may in turn be input into the counter block.
According to a preferred exemplary embodiment, input
parameters to the apparatus comprise output frame width
and output frame height, region width and region height;
output block width and output block height within a region.
The counter block may compute the output coordinates
(0803) as (h, v ).

In order to carry out geometric correction efliciently in
time and frame bufler traflic, the hardware processes the
output frame 1n small output blocks. Software running on
HLOS or RTOS may configure appropriate parameters then
initiate spatially adaptive slicing function by writing to a
control register in the hardware. The hardware may store and
maintain a bank of registers used for storing control and data
information. The hardware controls the sequencing through
output blocks, DMA transiers, and computation to process
an entire 1mage autonomously. An interrupt, 1f enabled, 1s
asserted at the completion of the processing and composition
of the output image.

The hardware may also be stalled and controlled on a
macro-block basis by an external controller. An intermediate
interrupt may be provided by the apparatus (0800) to facili-
tate the stalling of the hardware. Stalling the apparatus
(0800) may be achieved by deasserting a write request
cnable on the output write port.

When a camera 1s viewing a scene irom two diflerent
positions or when multiple cameras are viewing the scene
from diflerent positions, a transformation between the two
viewing angles 1s needed to align the images. Under specific
conditions, the class of geometric transformations known as
“homography”, or planar-perspective transformation, will
capture the geometric relationship between the images accu-
rately. Common applications of homography transforms are
to align (or stitch) multiple frames of the same scene to
compute a panoramic output image. A second application 1s
the alignment of planar surfaces in the world. Finally,
perspective transforms are also useful in computing depth
maps {rom a stereo 1mage pair. By rectifying the two views,
the search to compute disparity between the two views 1s
simplified to a 1-D search problem. The homography 1s
defined by a 3x3 transformation matrix, as in

hog=a*h,+b*v, +c (1)

Vog=d h,+e*v, +f (2)

(3)

z=g%h +h*v +1
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h,=h, 47

V, =V, ¢z
The afline transform 1s a subset of the perspective transior-
mation. By setting g=h=0, h =hafl and v =vafl. The map-
ping from destination coordinate to the source coordinate 1s
expressed as

kaﬁ:a *h +b™ +c

v, ﬁ:a’ *ho+e*v +f

Where h, and v, are horizontal and vertical coordinates of
the source coordinates and h,_-and v,_are the horizontal and
vertical coordinates of the destination coordinates. a, b, c,
and 1 are correlation and transform factors.

In 1mage alignment applications, the homography matri-

ces may be computed by locating corresponding points 1n
the two Iframes and estimating the matrix parameters to
transiorm the set of points 1n one frame onto the correspond-
ing points 1n the second frame. In the stereo rectification
application, the matrix 1s determined (pre-computed) at the
calibration step and remains fixed.
In YCbCr mode, the offset table (0808) defines a ([IXx,
y) vector for a regular grid of output points. The grid can
be fully sampled or down sampled. A fully sampled grid will
define an offset vector for every output pixel, defining where
to fetch the input data to compute the output pixel. This 1s
the most precise definition and can capture rapidly changing
oflset tables. The drawback 1s that 1t will require a large
amount of memory bandwidth as the geometric correction
engine will be reading offset values for every output pixel.
Since most oflset tables are not expected to change rapidly
in a small spatial region, a subsampled oflset table may be
read. Ofiset tables can be subsampled by powers of two 1n
both horizontal and vertical directions and the subsampling
factor 1s set 1n a register. This mode conserves memory
bandwidth by reducing the amount of data read to describe
the offset vectors, but requires more hardware to interpolate
the missing oflset vectors.

X;=x +Ax

V=V, tAY

The output coordinates (0803) (h, v ) from the counter
block may be 1nput to a perspective transform block (0804 )
and after transformation using any of the equations (1,2,3)
alorementioned the transformed output coordinates (0805)
(h, v,) may be input to a mesh mapping block (0806). If
back mapping i1s enabled 1n a mux block (0815), the coor-
dinates (0807) (h ,v ;) calculated by the back mapping block
1s mnput to the buller block (0809). If back mapping 1s not
enabled 1n a mux block (0815), the coordinates (0805)
(h,.v,) calculated by the perspective transtorm block (0804)
1s 1input to the bufler block (0809).

FIGS. 9 (0900) and 10 (1000) illustrate an exemplary
mesh mapping and back mapping blocks according to a
preferred embodiment. The perspective transform block
(0804) does perspective warping on 4 corners of the output
block to find out mesh block to fetch. The mput coordinates
(0805) (h, v,) to a mesh mapping block (0806) such as
coordinate (0911) 1s subsampled. Rectangular bounding box
1s calculated such that 1t contains mesh points referred by 4
corner pixels (sub-sampled) generated by perspective warp
block. Bilinear interpolation may be done to up-sample the
mesh sub-sample to pixel co-ordinate precision. For the
mesh bilinear interpolation, one extra column on right and
one extra at the bottom may be fetched. For a given output
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block (0920), perspective wrap coordinates such as 0911 for
top left corner are calculated and bounding box (0930) 1s
generated after sub sampling mesh points (0901, 0902,
0903, 0904). After adding a bufler, a final output mesh block
(0940) 1s generated.

Once mesh block fetch 1s completed, final 1nput co-
ordinates are calculated by applying back mapping on
previously calculated perspective warp corner pixel co-
ordinates. Additional padding 1s applied on top of these back
mapped corner co-ordinates based on the mterpolation type.

It 1s possible that the bounding box calculated by hard-
ware may not cover all the mput data required to generate
particular output block. In such cases, software may apply
an additional PixelPad, the amount of padding 1n input block
in all directions. For each output pixel in the output block
with a size OBWxOBH, the input pixels required are indeed
bounded by back mapping of the 4 corners plus/minus the
padding. More precisely, the input block may be determined
by the following equations:

IBX start=min(truncate(distortx(cornerl )).truncate
(distortx(corner3)))-Hw_Pad-PixelPad

IBX end=max(truncate(distortx(corner)),truncate
(distortx(cornerd)))+Hw_Pad+PixelPad

IBY start=min(truncate(distorty(cornerl)),truncate
(distorty(corner2)))-Hw_Pad-PixelPad

IBY end=maxn(truncate(distorty(corner3)),truncate
(distorty(cornerd)))+Hw_Pad+PixelPad

where cornerl, corner2, corner3, and cornerd4 are upper-
left, upper-right, lower-left, and lower-right corners of the
OBWxOBH output block, and distortx(.), distorty(.) are X
and Y coordinates of the corners after perspective wrap and
back mapping.

For a geometric distortion correction, PixelPad 1s zeroed
out to accommodate neighbor sets for all colors. Software
may set the PixelPad such that information of the input
blocks 1s not dropped. According to a preferred exemplary
embodiment, the bounding module 1s further configured to
add a bufler pixel pad to each of the input blocks 1ncreasing
the size of the mput blocks.

OBH and OBW may be chosen as reasonably large for
cllicient operation of adaptive slicing and geometric correc-
tion operation. According to a preferred exemplary embodi-
ment, the region width ranges from 4 to 8094; and the region
height ranges from 2 to 8094 According to a preferred
exemplary embodiment the output block width ranges from
4 to 254; and the output block height ranges from 2 to 254.
OBW 1s constrained to ensure eflicient external memory
write. Another constraint 1s that mput block size, for each
input block of the image, the allocated input bufler needs to
accommodate without overtlowing. If the parameters OBH,
OBW are set too small, or PixelPad too large, performance
may degrade and unintended and undesired external
memory transier may be happen.

An ofl-line utility program may be utilized to program and
configure the apparatus (0800). Given oflset table contents,
processing parameters, and maximal mput bufller size, the
program computes an optimal set of OBW, OBH, and
PixelPad to minimize input bandwidth. Another utility may
be provided with a functional C model that computes the
mimmum PixelPad given a configuration and the processing,

block si1ze with OBW (output block width) and OBH (output

block height).
The hardware can be utilized to process a portion of the
image, rather than the whole image. This allows an 1image to
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process through multiple software/hardware interactions to
correct only a portion of the image to save time.

An mtermediate interrupt, may also be provided on
completion of each macroblock output write. This allows the
geometric correction operation to be pipelined with other
tasks. The apparatus (0800) output write stall after this
event, waiting for a pulse on a start signal to begin writing
the next macro block.

As the coordinates (0807) (h v ,) calculated by the back
mapping block (0806) are not integer values 1n most cases,
either bi-cubic or bilinear interpolation 1s applied to the
distorted pixels with the interpolation block (0810). Other
interpolation techniques may also be applied. According to
a preferred exemplary embodiment, interpolation data is
interpolated with a bi-cubic or bilinear interpolation.
Depending on register configuration, either bi-cubic or bilin-
car interpolation 1s used to interpolate the output Y pixels. In
the case of bi-cubic mterpolation, the distorted mput pixel 1s
interpolated from the 16 Y pixels in the 4x4 grid around the
distorted input location, as shown i FIG. 6. Bi-cubic
interpolation 1s used first along the horizontal direction, then
the vertical direction. FIG. 10 (1020) 1llustrates a Bicubic
Interpolation of data (1021) in an output block (1022). The
interpolated data may be further stored in a memory (0813)
though an interface (0814). After the mmput coordinates
corresponding to the input blocks to be fetched are deter-
mined, the mput blocks are fetched into an internal memory
in a builer (0809) through a bufler interface (0811). Accord-
ing to a preferred exemplary embodiment, the size of the
internal memory ranges from 10 KB to 100 KB. In some
instances the size of the internal memory ranges from 1 KB
to 100 KB. In other instances size of the internal memory
ranges from 10 KB to 50 KB.

FIG. 10 (1000) depicts an exemplary output coordinates
to mput coordinates aiter perspective mapping and back
mapping. According to a preferred exemplary embodiment,
the output coordinates comprise the coordinates of the four
corners of a block in the output frame/region. Individual
coordinates for each of the corners may also be provided as
the output coordinates. According to a preferred exemplary
embodiment the mput coordinates comprise the coordinates
of the four comers of a block in the input frame after
perspective transform of the output coordinates and back
mapping. Individual coordinates for each of the corners may
also be provided as the input coordinates. An output block
defined by the corners 1001, 1002, 1003, and 1004 are
mapped to mput block corners 1011, 1012, 1013, and 1014,
respectively. The final input block size 1s padded up with a
s1ze (1005) so that a larger input block (1010) 1s fetched and
information 1s not lost in the final output 1image. According
to a preferred exemplary embodiment, the interpolated data
1s further processed through modules configured to filter,
reduce noise, scaled and formatted. According to another
preferred exemplary embodiment, the output frame 1s dis-
played on a display device; the display device selected from
a group consisting of: automotive display, LED monitor,
television screen, and LCD momnitor. According to a pre-
terred exemplary embodiment, the output frame 1s processed
in a raster scan mode within each block 1n a region and
within each region
Exemplary Geometric Correction of an Input Frame with a
Spatially Adaptive Apparatus Method (1100).

As generally seen 1n the flow chart of FIG. 11 (1100), a
preferred exemplary geometric correction method may be
generally described 1n terms of the following steps:

1) allocating a size for an output frame and dividing the

output frame 1nto blocks; each of the blocks having a
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block size; the block size having a width and a height;
the width based on the pixels arranged 1n a line; the
height based on the number of lines (1101);

As described 1n FIG. 2, the size of the output frame may
be allocated based on the frame to be displayed on a
screen. Soltware or a utility may determine, allocate,
and configure a hardware register with a frame size
comprising a frame width and a frame height. For
example, the output frame for a 4K display may be

allotted to be 3840x2160. In another example a HD

display of 1920x1080 or 2 Mega pixel may be
allotted.

2) capturing the imput image with an optical device
(1102);

The captured 1mage may be stored in an external
memory with the individual fetch blocks.

3) mapping back each of the blocks 1n the output frame to
correspond to blocks in the mput image (1103);
Software or a utility may determine and identify fetch

blocks corresponding to each of the output blocks.

4) quantitying scaling data of each of the blocks in the
output frame (1104);

Scaling thresholds may be determined based on the
histogram (0500). For example, with reference to
histogram (0500), 3 scaling thresholds (0501, 0502,

and 0505 are computed or 1n some cases chosen.
Scaling threshold (0501) indicates a scaling factor of
approximately 40 and the number of blocks with a
scaling factor 40 1s approximately 3. Similarly, scal-
ing threshold (0505) indicates a scaling factor of
approximately 5 and the number of blocks with a
scaling factor 5 1s more than 1200.

5) generating a histogram from the scaling data of the
output frame (1103);

a distribution of magnification factor (ratio of fetched
block size compared to output block size) may be
plotted on the x-axis versus the number of blocks.
The histogram may be plotted by an ofiline utility or
with software running with HLOS or RTOS after the
magnification data 1s computed and stored for each
of the output blocks 1n the output image

6) i1dentifying scaling thresholds from the histogram
(1106);

7) plotting a spatial domain plot of the output frame with
the scaling data and the scaling thresholds (1107);

a spatial plot (0520) of the scaling data of the output
blocks based on the scaling thresholds may be plot-
ted for the output frame.

8) dividing the output frame into regions based on the
spatial domain plot and the scaling thresholds (1108);

9) computing and dividing each of the regions into output
blocks based on the scaling thresholds and the scaling
data within the region (1109);

The output frame may be divided into any number of
regions as possible given the hardware limitations.

For example, the frame may be divided into up to 3

horizontal slices (0611, 0612, and 0613) and 3 ver-

tical slices (0601, 0602, and 0603) for a total of 9

regions (0621-0629). Each region may be pro-

grammed with independent output block size. The
output frame may be programmed with bigger block
s1ze for region with less spatial varnation (1.e. scaling
factor) and smaller block size for region with high
spatial variation. This may improve the band width
as well as performance as portion of the image with
bigger block size increases. For example, in surround
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view application the block size may vary from 16x20
to 112x64 for right camera and 32x8 to 136x160 for
a front camera.

10) programming the spatially adaptive slicing apparatus
with a size for each of the regions and a size for each
of the output blocks 1n each of the regions (1110); and
For example an output block size may be defined as

16x20 to indicate an output block width of 16 and an
output block height of 20. In other words, the num-
ber of pixels in the output block 1s 16 arranged 1n a
row and the number of lines 1n the block 1s 20. The
region size 1s defined by a region width and a region
height. The region may comprise one or more output
blocks. For example region size may be defined as
64x40 to indicate a region width of 64 and region
height of 40. The region may be divided into equal
output blocks with an output block size of 16x20.
The output blocks size 16x20 may be arranged 1n 4
columns and the number of rows 1n the column 1s 2.

11) correcting the mput frame geometrically for each of
the regions across the output frame, composing and
displaying the output frame on a graphical device
(1111).

FIG. 12 1illustrates an exemplary diagram of an output
frame (1200) with redundant blocks identified 1n regions
according to a preferred embodiment. The output frame may
be divided into regions (1201, 1202, 1203, 1204, 1205,
1206, 1207, 1208, and 1209). The regions may be equal or
unequal 1n size. The regions may further comprise output
blocks. According to a preferred exemplary embodiment, the
output frame may be divided with the method (1100). Input
images are captured with multiple cameras and the output
image 1s blended and stitched from the input images. An
input 1mage of a place or an object may be captured by a
camera or any optical device with a particular view. Another
input 1mage may be captured by a camera or any optical
device with a particular view and with the camera mounted
at a different position. Stmilarly, multiple mnput 1images may
be captured with different cameras mounted at different
places and capturing the same 1nput 1image from a different
view. For examples 1n FIG. 3, images 0301, 0302, 0303, and
0304 are captured with cameras mounted on the front, leit,
right, and rear of an automobile respectively. The shapes of
the mput images may also be arbitrary. According to a
preferred exemplary embodiment, the output image may be
shaped as a rectangle 1rrespective of the arbitrary shapes of
the 1nput 1images. The multiple 1mages captured from dif-
ferent viewpoints contain redundant information. For
example, the region (0314) captured by a central camera 1s
also captured 1n the region (0313) by a left camera and
captured in the region (0315) by a right camera. Similarly,
in FIG. 12, regions 1204, 1205, and 1206 contain redundant
regions. Each of the i1dentified redundant regions may con-
tain one or more valid blocks and one or more redundant
blocks. The redundant regions are double processed for
stitching and processing the same 1mage. There 1s consid-
erable loss of performance due to cycles spent in fetching
and processing the redundant blocks. According to a pre-
ferred exemplary embodiment, an exemplary apparatus
identifies and skips the processing of the redundant blocks.

Due to redundancy, some regions of the frame may not be
used for stitching of final frame. By programming a register
to disable the processing of the region, hardware skips the
processing ol particular region that 1s identified as redun-
dant. A frame done signal may be sent on last pixel of last
valid region. As an example shown 1n FIG. 12, region 1204,
region 1205 and region 1206 are skipped for processing. A
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frame done signal may be passed on last pixel of region
1207. Ordering and numbering of the regions will remain the
same even 1n the case of skipping some regions.

A portion (1301) of an output image (1303) may be
processed while skipping some regions, the following
parameters may be programmed 1nto an apparatus such as
apparatus (0800).

InitX X coordinate of upper-left corner of output frame
InitY Y coordinate of upper-left corner of output frame
FrameW Width of output compute frame
FrameH Height of output compute frame
FrameBase SDRAM address of upper-left corner of out-

put frame (Y and Cb/Cr base may be needed 1n case of
YCbCr420).

FrameO1ist SDRAM frame width (1in bytes)

In some embodiments FrameW may be a multiple of OBW,
FrameH may a multiple of OBH, and FrameBase a multiple
of 64 (byte address).

FIG. 13 (1300) shows an exemplary preferred embodiment
of multiple-pass processing with middle-of-the-image being
skipped 1n 8-bit format. The apparatus (0800) does not copy
skipped blocks from the input frame to the output frame and
software or a utility program may set up and initiate the
memory copy of the valid regions. The starting address of
input frame, corresponding to mput coordinate (0, 0), may
be specified as a register as well. The apparatus (0800) may
clip the mput block to input frame size 1f any of the input
block falls outside mput frame. The apparatus (0800) may
function as an arbitrary shaped apparatus for use 1n method
(1400) with the output coordinates (0803) (h, v ) from the
counter block disabled for the regions that are skipped.
Similarly, the apparatus (0800) may function as an dynamic
partition apparatus for use 1 method (1600) such that the
coordinates corresponding to the blocks after division 1is
input to the counter block programmed into the counter
block and the output coordinates (0803) (h, v, ) generated
from the counter block.

Exemplary Geometric Correction of an Input Frame Method
(1400).

As generally seen 1n the flow chart of FIG. 14 (1400), a
preferred exemplary method for geometric correction of an
input frame with an arbitrary shaped apparatus (0800) to
generate an output frame may be generally described 1n
terms of the following steps:

1. capturing an arbitrary shaped input image with a

plurality of optical devices (1401);

2. processing each of the images captured with the plu-
rality of optical devices (1402);

3. 1dentitying redundant blocks and valid blocks 1n each
of the regions (1403);

4. allocating an output frame with an output frame size
and dividing the output frame 1nto regions shaped as a
rectangle (1404);

Regions are decided after finding unused blocks for
best mapping of unused blocks to skipped regions.

5. programming the apparatus and disabling processing
for each of the redundant regions (1405); and

6. composing the output frame for each of the regions
containing the valid blocks (1406).

FIG. 15 (1500) 1llustrates an output block 1n an output
frame that dynamically divided to fit and fetch into an
internal memory according to a preferred exemplary
embodiment. An mput buller corresponding to output block
(1501) may be fetched into an internal memory 1n a frame
bufler from an external memory. According to an exemplary
embodiment, 1f a size of the input block (1502) correspond-
ing to the output block (1501) fits 1nto an 1nternal memory
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(1512), then the input block (1502) 1s fetched into the
internal memory. In this case, a dynamic division of the
input block may not be required. For example, 1t the size of
the mput block 1s 640x20 and the size of the internal
memory 1s 12800 Bytes, then the input block 1s completely
fetched 1n one fetch transaction or cycle. According to
another preferred exemplary embodiment, 1 the size of the
input block corresponding to the output block (1501) 1is
greater than the size of the internal memory, the iput block
1s computed by dividing the output block into sub blocks. If
the size of each sub 1nput block is less than the size of the
internal memory, the sub blocks may be each fetched
individually or together into the imternal memory. Likewise,
if the size of any sub input block 1s greater than the size of
the internal memory, and the sub output blocks are further
divided until the size of the sub mnput blocks after compu-
tation and division are less than the size of the internal
memory so that each sub input block after division 1s fetched
into the internal memory. For example, if the size of the
iput block (1502) 1s 640x20 and the size of the internal
memory 1s 6400 bytes, then the output block may be
dynamically divided into two sub blocks (1503 and 1513) so
that the si1ze of the sub blocks are 640x10 each which {it into
the internal memory. If the size of the internal memory 1s
3200 bytes, then the divided sub blocks are further dynami-
cally divided 1nto sub blocks (1514, 1524, 1534, and 1544).
The division of the sub blocks may be horizontal or vertical.
In other words the height of the input blocks may be divided
in a horizontal division and the width of the mput block may
be divided 1n a vertical division. In other examples the
internal memory may be fixed and input block size may
varied from block to block with some mnput blocks bigger
and some are smaller 1n a given frame.

As generally seen 1n the flow chart of FIG. 16 (1600), a
preferred exemplary method for geometric correction of an
input frame with an dynamic partition apparatus (0800) to
generate an output frame may be generally described 1n
terms of the following steps:

1. allocating an output frame with an output frame size
and dividing the output frame 1nto output blocks; each
of the output blocks having an output block size; the
output block size having a width and a height; the width
based on the pixels arranged in a line; the height based
on the number of lines (1601);

. capturing an mput image with an optical device (1602);

. mapping back each of the output blocks in the output

frame to mput blocks 1n the mput image (1603);

4. computing a size of the input blocks 1n the input 1mage
corresponding to each output blocks (1604);

Input block computation may happens in the following
sequence of processing. For each output block fol-
lowing steps are done 1n sequence.

1. Calculate mput block.

2. Fetch input block (assuming the size {its in internal
memory).

3. Processing of the pixels and write out.

The aforementioned steps (1-3) are performed 1n
sequence ol each output block

5. for each of the output blocks, checking for size of the
input blocks with the size of the internal memory
(1605);

6. 11 the size of the mput blocks 1s less than the size of the
internal memory, programming an apparatus with iput
parameters, fetching the mput blocks into an internal
memory and processing the next output block 1n step

2 DD
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(1605) until all the output blocks are processed and
proceeding to step (1609); 11 not, proceeding to step
(1605) (1606);

For example, if the size of the input block 1s 640x20
and the size of the internal memory 1s 12800 bytes,
then the input block 1s completely fetched in one
fetch transaction or cycle or else step (1607) may be
executed.

7. dividing the output block equally into sub blocks and
checking 11 the size of the sub block 1s less than the size
of the internal memory; if so, programming an appa-
ratus with mput parameters, fetching the mnput blocks
into an internal memory, processing each of the sub
blocks and processing the next output block in step
(1605) until all the output blocks are processed and
proceeding to step (1609); if not proceeding to step
(1608) (1607);

For example, 1f the size of the input block 1s 640x20
and the size of the internal memory 1s 6400 bytes,
then the mput block 1s divided into sub blocks. The
s1ze of the sub block 1s less than or equal to the size
of the internal memory, the sub blocks are each
fetched into the internal memory and processed
sequentially to generate an output block.

8. dividing further until the size of divided sub blocks is
less than the size of the internal memory, programming
an apparatus with input parameters, fetching the input
blocks nto an internal memory, processing each of the
divided sub blocks sequentially and processing the next
output block in step (1603) until all the output blocks
are processed (1608); and

9. composing the output frame for each of the blocks 1n
the output frame (1609).

System Summary

The present system may be broadly generalized as an

apparatus comprising:

(a) a counter block configured to compute output coordi-
nates of the output frame for a region based on a size
of the output block of the region;

(b) a transform and back mapping block configured to
generate imput coordinates corresponding to each of the
output coordinates;

(c) a bounding module configured to compute input

blocks corresponding to each of the input coordinates;
(d) a bufler module configured to fetch data correspond-
ing to each of the input blocks and store in an internal
memory; and
(¢) an interpolation module configured interpolate data
received from the bufler module;
wherein
the 1interpolated data for each of the regions 1s stitched,
composed, and displayed on a display module.
This general system summary may be augmented by the
various elements described herein to produce a wide variety
of 1nvention embodiments consistent with this overall
design description.

Method Summary

The present method may be broadly generalized as a
method for geometrically correcting an mput image with a
spatially adaptive slicing apparatus and generating an output
frame wherein:
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the method comprising the steps of:
a) allocating a size for an output frame and dividing the

output frame 1nto blocks; each of the blocks having a
block size; the block size having a width and a height;
the width based on the pixels arranged 1n a line; the
height based on the number of lines;

b) capturing the mput image with an optical device;

¢) mapping back each of the blocks 1n the output frame to
correspond to blocks in the mput image;

d) quantilying scaling data of each of the blocks in the
output frame;

¢) generating a histogram from the scaling data of the
output frame;

) 1dentitying scaling thresholds from the histogram;

g) plotting a spatial domain plot of the output frame with
the scaling data and the scaling thresholds;

h) dividing the output frame into regions based on the
spatial domain plot and the scaling thresholds;

1) computing and dividing each of the regions into output
blocks based on the scaling thresholds and the scaling
data within the region;

1) programing the spatially adaptive slicing apparatus with
a s1ze for each of the regions and a size for each of the
output blocks in each of the regions; and

k) correcting the input frame geometrically for each of the
regions across the output frame, composing and dis-
playing the output frame on a graphical device.

This general method may be modified heavily depending
on a number of factors, with rearrangement and/or addition/
deletion of steps anticipated by the scope of the present
invention. Integration of this and other preferred exemplary
embodiment methods in conjunction with a variety of pre-
ferred exemplary embodiment systems described herein 1s
anticipated by the overall scope of the present invention.

System/Method Vanations

Embodiments of the present invention anticipates wide
variety of variations in the basic theme of construction. The
examples presented previously do not represent the entire
scope of possible usages. They are meant to cite a few of the
almost limitless possibilities.

This basic system, method, and product-by-process may
be augmented with a variety of ancillary embodiments,
including but not limited to:

An embodiment wherein the optical device 1s selected
from a group consisting of: wide angle lens, fish eye
lens, and automotive camera lens.

An embodiment wherein the step of capturing the mput
image further comprises storing the mput 1image in an
external memory.

An embodiment wherein the step of mapping back further
comprises generating mput coordinates corresponding
to each of the blocks 1n the output frame; the input
coordinates further comprising pixel information in the
input frame.

An embodiment wherein the size of the output frame
configured with an output frame height and a output
frame width; the output frame height ranges from 8 to
8094; and the output frame width ranges from 8 to
8094,

An embodiment wherein the number of pixels 1n the line
in step ranges from 8 to 8094;

An embodiment wherein the number of lines 1n the line 1n
step ranges from 8 to 8094;

An embodiment wherein the step of mapping back further
comprises identifying output corners for each of the
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blocks; performing a perspective transform on each of
the cormers; finding the mput corners corresponding to
the output corners using back mapping aiter the per-
spective transformation.

An embodiment wherein the step of quantifying scaling
data further comprises determining the number of 1nput
blocks required to be fetched for each of the blocks in
the output frame.

An embodiment wherein the step of i1dentifying scaling
thresholds 1s further determined by grouping output
blocks with similar scaling data.

An embodiment wherein the step of dividing the output
frame 1nto regions further comprises grouping output
blocks with 1dentical scaling data such that the size of

cach of the region 1s maximized.

An embodiment wherein the step of programing the
spatially adaptive slicing apparatus further comprises
writing a size of each of the regions and a size of each
of the blocks 1nto a register 1n a register bank; the
register bank maintained in an internal memory of the
apparatus.

An embodiment wherein the size of each of the regions 1s
determined by a region width and a region height; the
region width ranges from 8 to 8094; and the region
height ranges from 8 to 8094,

An embodiment wherein the size of each of the output
blocks 1n each of the regions 1s determined by an output
block width and a output block height; the output block
width ranges from 4 to 254; and the output block height
ranges from 2 to 254.

An embodiment wherein the step of correcting the output
frame further comprises correcting each of blocks 1n a
region 1n a raster scan mode and moving to next region
in a raster scan mode.

An embodiment wherein the step of displaying the output
frame further comprises fetching the mput blocks for
cach of the output blocks into an internal memory
without overflowing the internal memory.
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One skilled 1n the art will recognize that other embodi-
ments are possible based on combinations of elements
taught within the above invention description.

We claim:

1. A method comprising:

capturing an mput frame with an optical device;

applying a transformation to the input frame;

generating an output frame using the transformed input

frame;
performing perspective warping on the output frame to

identily a mesh block in the output frame;
mapping the mesh block 1n the output frame to a block 1n

the input frame; and
scaling the output frame based on the mapping of the

mesh block to the block 1n the mput frame;

dividing the output frame 1nto slicing regions;

identifying a redundant block 1n at least one of the slicing

regions;

disabling processing of the redundant block.

2. The method of claim 1,

wherein a first slicing region of the slicing regions has a

first block size and a second slicing region of the slicing
regions has a second block size, and

wherein the first block size 1s different than the second

block size.

3. The method of claim 2, further comprising dividing the
output frame 1nto slicing regions based on a spatial variation
of the output frame at the slicing regions.

4. The method of claim 3 wherein:

the first block size 1s larger than the second block size;

the first block size corresponds to the first slicing region;

the second block size corresponds to the second slicing
region; and

the first slicing region has less spatial vanation than the

second slicing region.

5. The method of claim 1, wherein a block size of each of
the slicing regions 1s independent of the block sizes of other
regions.
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